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Abstract

Radome-Transparent materials are key components to ensure the communication, ranging and
guidance functions of aircraft such as rockets, spacecraft and missiles under extreme environments.
With the continuous increase of flight speed, the requirements for their high-temperature perfor-
mance are becoming increasingly stringent. Silicon oxynitride (SizN20) ceramics stand out in the
field of high-temperature wave-transparent materials owing to its unique crystal structure and
chemical properties. Boron nitride (BN) possesses an ultra-high decomposition temperature and
excellent dielectric properties. Adding BN as additive into multiphase materials can significantly
improve wave-transparent performance. Nevertheless, experimental measurement for material-
property evolution under extremely high temperature is costly and difficult to implement. Hence,
theoretical simulation prediction bears great practical significance. In this work, microwave dielec-
tric constant and dielectric loss of monolithic SizN20 and BN ceramics were measured by resonant-
cavity method. A prediction model for dielectric constant and dielectric loss of SizN20/BN composite
ceramics was established based on the GEM logarithmic law. The results show that the dielectric
constant of composite ceramics is positively correlated with SizN20 content and negatively corre-
lated with BN content. Increasing BN fraction reduces the volume fraction of high-permittivity
SizNz0, meanwhile the porosity of composite system increases with BN addition. The combined ef-
fect reduces the effective dielectric constant and improves wave-transparent performance. The di-
electric loss of composite ceramics changes slightly at first and then rises sharply with increasing
temperature. At identical temperature, BN-based composite ceramic (10 vol% SizN20) exhibits
slightly higher dielectric loss than SizN20-based composite ceramic (10 vol% BN), which indicates that
BN addition imposes obvious influence on dielectric loss. Therefore, BN content should be properly
controlled in engineering practice to optimize the wave-transparent property of SizN20/BN composite
ceramics. This work provides theoretical basis and reference for preparation and application of aer-
ospace radome materials and high-temperature functional composite ceramics.
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BPRLEMBI A KSR VTSRS R N, JRREE T AR A IR
A ZIRESE R v T KBS B B . i P RE B R 2 SR RSO DRI SR AT A e 2 AE AR A 58
R MR BRI REMT LB AR 1]-[3]. BT TR, MR ATH M AT E AW 1S
FRTE, KA T RARE(SENG) . BEEAIE(SLNLO) S R m i AR PR A i, Herh U
MRE(SLNO)We BEAFRHEAS 5 B A 1) il M 235 K R 22k BEAE R i BB A RTT 72 A0 BB AT 4 [4] (5]
FALHI(BN)AE —Fh A4 RE, A3 B s PR 0 R B (— R 3000°CH)ANAEH 7 (K FERE, AT DUREF KA
FIEACHR(BN) X LEAIE A, 7E 3wl B BRI, AR s s B SRR ) DU 25 5 s AR RHE
FNERE[6]. 9 T FIBTATRHEAC I RS0 2 1F T A2 B RELERF IEHVERE, L ATISE T MEARHIPE RETEAE R
e A NBIEAE, DRSO B R SEIL IR, TR AR5 V5 R AT B HE i 2% AF 1 B R
TR AR B B ASCE IR AR R A e RERE, SR H AT Z R GEM R
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BIRAHAZ IR T RN A A B (A5 M REEAT 438, McLachlan #1380 FEE 800 o #EA4 fil
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X T — MBI MR, BRSO AR, RN AR TATHES, AT 2
5] BB HLIIE S R IR TR SO 734, i DA — e {8 R0 Ut A H o e AT IR [16]

GEM TR HA R Z HAR Z & X ERIE, %W Weiner #L, & FJEXF Maxwell-Wagner 772K
M. Hasin 5 Shtrikman #£5: H 3% GEM F A2 vHE A B 208 B FRAE, tHEDE:
/A /R
T, e AT

+ +
g—¢&, 3¢, g, —& 3¢

F1 Maxwell-Wagner 7. Bruggeman X FREERFRIE LLEGEE R, GEM HFEAE & Honn &Y, [FES
SoF A B B AT TR B 2 B e Rfs . FS2 B, GEM J FEAMHEREE N B SR L Bk AT A, [H
B REARIF RS B SR, SREULEFEE.

3. SCOGImR
3.1. Si,N,O 7B M BB #i i
PLERALEE(SLNDTE N ERL, HHEEARMER T, FIHAFFER 2Si:Ns + 1.50,—>3Si,N0 #E47 5844 il %
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Figure 1. Test data of dielectric constant and loss of Siz2N2O
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Figure 2. Test data of BN dielectric constant and loss
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Figure 3. Dielectric constant of Si2N20-based composite ceram-
ics at different temperatures
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Figure 4. Dielectric constants of BN-based composite ceramics
at different temperatures
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Figure 5. Dielectric loss of Si2N20-based composite ceramics (BN con-
tent is 10%) at different temperatures
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Figure 6. Dielectric loss of BN-based composite ceramics (Si2N20 content
is 10%) at different temperatures
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